Abstract: The purpose of this article is to propose a fuzzy multi-attribute performance measurement (MAPM) framework using the merits of both a novel Weighted Aggregated Sum-Product Assessment method with Fuzzy values (WASPAS-F) and Analytical Hierarchy Process (AHP). The object of this study is to select the best shopping centre construction site in Vilnius. A number of conflicting qualitative and quantitative attributes exist for evaluating alternative construction sites. Qualitative attributes are accompanied by ambiguities and vagueness. This makes fuzzy logic a more natural approach to this kind of multi-attribute decision making (MADM) problems. Fuzzy AHP is applied for assigning weights of the attributes and WASPAS-F method is used to determine the most suitable alternative.
1. The aggregation of the performance scores with respect to all attributes (goals) and per decision alternative, and 2. The rank ordering of the aggregated judgments of decision alternatives determine the optimal alternative.
Construction site selection is an important task. Proper construction site selection can improve project's success. Construction site selection for shopping centre requires a good visibility and accessibility, proper access to suppliers, customers, suitable transportation network and sufficient customer traffic and socio-economic population characteristics. The evaluation data of location performance of the construction site for various subjective attributes, and the weights of the attributes are usually expressed in linguistic terms. This makes fuzzy logic a more natural approach to this kind of problems. There is a limited number of papers evaluating suitable locations. Usually GIS in combination with decision making methods is applied for selecting the best site for ecologically and economically important objects such as renewable energy systems, including solar or wind farms [13] - [15] . Prioritizing the best sites for waste management is suggested by applying fuzzy TOPSIS [16] or VIKOR [17] methods. AHP is applied for warehouse [18] or solar farm [19] construction site selection. Also fuzzy MCDM frameworks for locating plants are suggested [20] , [21] . Application of interval type-2 fuzzy sets for watershed site selection is presented [22] . Hybrid approach of fuzzy analytic network process (ANP), fuzzy DEMATEL and fuzzy ELECTRE for site selection is suggested [23] .
The purpose of this article is to propose a novel fuzzy multi-attribute performance measurement framework using the merits of both a novel Weighted Aggregated Sum-Product Assessment method with Fuzzy values (WASPAS-F) and fuzzy Analytical Hierarchy Process (AHP).
Methodology
The high value of a problem-solving process is that it helps to align human's thinking and action around a common approach for winning team problem solving to the following nine steps: There is no evidence in the literature of publications evaluating the shopping centre construction sites were applied in Lithuania. This is the most powerful motivation to consider the site selection problem. Flowchart of proposed problem solving process is shown in Fig. 1 . The first part of methodology, i.e. the fuzzy AHP was used to calculate attributes weights. In the second part, the WASPAS-F method was developed and used to rank and select the alternatives. First Figure 1 : Flowchart of the proposed problem solving process of all expert group was formed. The creditability of a group of experts depends on the expertise of the people who are involved and how they can give full play to their professional expertise and make wise and fair decisions. The group of experts was formed based on three main problem solving skills:
1. Communications patience (techniques that help members share information and perspectives by working hard to understand one another and working hard to be understood, members with controversial or divergent views are not ignored or blocked);
2. Synergy creation (techniques that equip members to expand their thinking by generating many ideas, building on those ideas, and evaluating ideas to create synergistic solutions);
3. Disciplined use of a problem solving process (members become disciplined in using a systematic process for analysing data, creating options, and evaluating and selecting preferred solutions).
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In the absence of good data, members waste time in pointless debates over opinions, and the problem with opinions is that we all have different ones. The members were asked to generate as many ideas or options as they can without censorship or judgment. Ideas were evaluated considering all factors consequences and sequels of all the probable consequences of a particular scenario in the short term, the medium term, and the longer term. The members were asked to identify important criteria for assessing the feasibility of several ideas.
Preliminairies
A fuzzy set is a class of objects with a continuum of membership grades. Such set is characterized by a membership function which assigns to each object a grade of membership ranging between zero and one [9] . A fuzzy set A defined in space X is a set of pairs:
where the fuzzy set A is characterized by its membership function µ A : X → [0; 1], which associates with each element x ∈ X, a real number µ A (x) ∈ [0; 1]. The value µ A (x) at x represents the grade of membership of x in A and is interpreted as the membership degree to which x belongs to A . So the closer the value µ A (x) is to 1, the more x belongs to A. A crisp or ordinary subset A of X can also be viewed as a fuzzy set in X with membership function as its characteristic function, i.e.
The set X is called a universe of discourse and can be written ⊆ X. Sometimes a fuzzy set A in X is denoted by list the ordered pairs (x, µ A (x)), where the elements with zero degree are usually not listed. Thus a fuzzy set A in X can be represented as A = {(x, µ A (x))}, where x ∈ X and µ A : X → [0; 1].
When the universe of discourse is discrete and finite with cardinality n, that is X = {x 1 , x 2 , . . . , x n }, the fuzzy set A can be represented as
when the universe of discourse X is an interval of real numbers, the fuzzy set A can be expressed as
A fuzzy number A is defined to be a fuzzy triangular number, with α -lower, β -modal, and γ -upper values, if its membership function µ A : X → [0; 1] is fully described as follows:
In order to obtain a crisp output, a defuzzification process is needed to be applied. Defuzzification is the process of producing a quantifiable result in fuzzy logic, given fuzzy sets and corresponding membership degrees. The output of the defuzzification process is a single number. Various types of membership functions are used. The most commonly used membership A Hybrid Model Based on Fuzzy AHP and Fuzzy WASPAS for Construction Site Selection 877 functions are the following [24] : triangular, trapezoid, linear, sigmoidal, π-type, and Gaussian. A fuzzy number is generally a subjective data given by one expert or several (after collective agreement). The most typical fuzzy set membership function is triangular membership function (Fig. 2 ).
Figure 2: Triangular membership function
Van Laarhoven and Pedrycz [25] introduced the basic operations of fuzzy triangular numbers x 1 andx 2 ( Table 1 ). In the Table 1 α is a lower value of fuzzy number, β -modal value of fuzzy number, γ -upper value of fuzzy number.
Values of weight 0 <w j < 1, n j=1w j = 1 are usually determined by experts. There are various approaches for assessing weights. Decision makers data which cannot be exactly described by means of numerical values, commonly describe the different ways they measure things numerically in terms of scales of measurement, which come in four flavours: nominal, ordinal, interval, or ratio scales. Likert items were first introduced in 1932 [26] . Likert scales can indeed be analysed effectively as interval or fuzzy scales [27] in which categories are labelled with numerical values.
Fuzzy AHP
The earliest work in fuzzy AHP appeared in van Laarhoven and Pedrycz [25] , which compared fuzzy ratios described by triangular membership functions. Chang [28] introduced a new approach for handling fuzzy AHP, with the use of triangular fuzzy numbers for pairwise comparison scale of fuzzy AHP, and the use of the extent analysis method for the synthetic extent values of the pairwise comparisons. This study concentrates on a fuzzy AHP approach introduced by Chang [28] , in which triangular fuzzy numbers are preferred for pairwise comparison scale. This questionnaire sought the satisfaction level of the experts concerning the candidate alternatives using a Likert-type five-point scale. The linguistic variables matching TFNs are provided in Fig.3 .
Fuzzy group weight is determined as follows:
After obtaining the attributes weights from AHP the synthesising of ratio judgements is done. W = [w 1 ,w n ] = [w j ] fuzzy group weights for n attributes are determined as follows (w j is fuzzy 878 Z. Turskis, E.K. Zavadskas, J. Antucheviciene, N. Kosareva 
fuzzy triangular numbers
raising a fuzzy triangular number of the power of another fuzzy triangular number, if x 1α x 1β x 1γ 1 and x 2α x 2β x 2γ 1 is special for this case study triangular number):
where y jk is j attribute weight determined by k expert, p is number of experts, w jα = min This subsection extends WASPAS to the fuzzy environment. The merit of using a fuzzy approach is to assign the relative importance of attributes using fuzzy numbers instead of precise numbers. MADM method, namely WASPAS, was introduced in 2012 by Zavadskas et al. [29] . Later, modification of the method WASPAS-IFIV was introduced [30] . There are a number of applications of WASPAS method, including site selection for wind turbine [31] , deciding shopping mall locating [32] or assessing sites for implementation of solar projects [33] . Also the method was successfully applied for evaluating alternative technological or design solutions in construction [34] - [37] , manufacturing [38] , business issues [39] or even for performance analysis and ranking of scholarly journals [40] . The WASPAS method consists of two aggregated parts:
1. The Weighted Sum Model (WSM);
The Weighted Product Model (WPM).
The WSM method is simple, easy to use and understood. It determines overall score of an alternative as a weighted sum of the attribute values. It is the best known and most widely used method [41] . The WPM is developed in order to avoid alternatives with poor attribute values. It determines score of each alternative as a product of the scale rating of each attribute to a power equal to the importance weight of the attribute [42] .
Based on the briefly summarized fuzzy theory above, WASPAS-F steps can be outlined as follows:
Step 1. Forming of fuzzy decision-making matrix (FDMM). The performance valuesx ij and the attributes weightsw j are entries of a DMM. Choose the linguistic ratings.
The system of attributes as well as the values and initial weights of attributes are determined by experts. The discrete optimization problem is represented by the preferences for m reasonable alternatives (rows) rated on n attributes (columns): Z. Turskis, E.K. Zavadskas, J. Antucheviciene, N. Kosarevã 
wherex ij -fuzzy value representing the performance value of the i alternative in terms of the j attribute. A tilde˜is placed above a symbol if the symbol represents a fuzzy set. Then the determination of the priorities of alternatives is carried out in several steps.
Step 2. The initial values of all the attributesx ij are normalised -defining valuesx ij of normalised decision-making matrixX = [x ij ] m×n .
Step 3a. Calculate the weighted normalised fuzzy decision matrixX q for WSM: 
Step 3b. Calculate the weighted normalised fuzzy decision matrixX p for WPM:
Step 4. Calculate values of the optimality function: a) according to the WSM for each alternative:
b) according to the WPM for each alternative:
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The result of fuzzy performance measurement for each alternative are fuzzy numbersQ i andP i . The centre-of-area is the most practical and simple to apply for defuzzification:
Step 5. The integrated utility function value of the WASPAS-F method for an alternative could be determined as follows:
λ is determined based on the assumption that total of all alternatives WSM scores must be equal to the total of WPM scores:
Step 6. Rank preference order. Choose an alternative with maximal K i value.
Construction site for shopping centre site selection in Vilnius
In this case study, an investor company conducted a feasibility study to establish strategies to locate an appropriate shopping centre in strategic demand areas of Vilnius. The identification of feasible sites and the selection of the one will optimize the company's performance strategically. The problem was solved according to the presented above methodology. The MAPM model has been designed by considering the interests and objectives of all stakeholders, customers, local community, employees and suppliers. First of all, expert's team determined the potential critical errors of construction site location selection (Fig. 4) . Then, based on expert team questionnaire they determined the main problems of construction site selection (Fig. 5 ). An interview to evaluate the most suitable location alternatives was conducted with seven experts, including stakeholders, business development managers, real estate consultants and academicians. The next step was collection of the information associated to all of the alternative construction sites identified and a description of the most important attributes. The Strengths, Weaknesses, Opportunities, and Threats analysis was performed. Finally, four location alternatives, which are denoted as A 1 , A 2 , A 3 and A 4 are selected as feasible alternatives. A 1 alternative is at the intersection of important roads between the airport and the railway station and the central bus station. A 2 is one of the developing dwelling districts. A 3 is the most populated residential district. A 4 is one of the nearby the centre point of the Vilnius.
Later, the attributes were compared each other using AHP. A Likert-type ten-point scale (Fig. 3) was used.
In the next step the questionnaire was about experts' satisfaction level toward construction site selection. This questionnaire adopts a Likert-type ten-point scale (Fig. 6) . It has ten different levels -from "very bad" (P 1 ) to "excellent" (P 10 ) -on a fuzzy ten-level scale. For example, expert might think the satisfaction the linguistic score of "fair" (P 5 ), that score would or correspond to a TFN of (0.4, 0.5, 0.6) respectively. The pairwise comparison matrix set by TFNs that matches linguistic statements of data is shown in Table 2 . Each of experts determined attributes weights. Integrated results of established weights are shown in Table 3 . The priority weight vector describes the importance degree of the attributes in decision matrix. After getting the importance degree of attributes, WASPAS-F method was employed to evaluate alternative locations. In this phase of the study, WASPAS-F starts establishing fuzzy evaluations of the alternative locations (A 1 , A 2 , A 3 and A 4 ) with respect to the attributes by using TFNs. This is an initial decision making matrix for ranking alternatives and indicates the performance ratings of the alternatives according to the attributes. The alternatives according to linguistic scales and their corresponding fuzzy numbers { (1, 1, 1) -very poor, (2, 3, 4) -poor, (4, 5, 6 ) -fair, (6, 7, 8) -good, (8, 9, 10) -very good} are compared by experts. Table 4 shows comparison of alternatives according to attributes. The normalised decision matrix is obtained by using Eq. (16) ( Table 5 ). The weighted normalised fuzzy decision matrix for WSM is obtained by using Eq. (17) ( Table  6 ) and one for WPM is obtained by using Eq. (18) ( Table 7) . Values of the optimality function values for WSM and WPM are calculated by using Eq. (19) and Eq. (20) respectively. The integrated utility function value of the WASPAS-F method for an alternative was determined by using Eq. (24), as presented in Table 8 .
As can be seen from 
Conclusions
Today, increase in population well-being and income causes the need of new construction sites. Selecting the best location for a new construction site in fuzzy environments becomes a difficult task for stakeholders. This paper proposed a combined fuzzy MADM approach based on the fuzzy AHP and WASPAS-F methods for selecting a suitable construction site location. In the proposed method, the fuzzy AHP was used to determine the weights of the attributes, while WASPAS-F was employed to rank the alternative locations. The approach combines the strong sides of the AHP and WASPAS methods. As a result of the study, we find that the proposed method is practical for ranking alternatives with respect to multiple conflicting attributes for the large scale problems.
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